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Аɩɫɬɪаɤɬ. Вɨ ɨɜɨј ɬɪɭɞ ɫɟ ɩɪɢɤɚɠɚɧɢ ɪɟɡɭɥɬɚɬɢɬɟ ɨɞ ɢɫɩɢɬɭɜɚњɟɬɨ ɧɚ ɦɨɠɧɨɫɬɚ ɡɚ 
ɩɪɢɦɟɧɚ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ, ɤɚɤɨ ɩɪɢɪɨɞɧɚ ɫɭɪɨɜɢɧɚ, ɡɚ  ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɬɟɲɤɢ 
ɦɟɬɚɥɢ (ɛɚɤɚɪ, ɰɢɧɤ, ɦɚɧɝɚɧ ɢ ɨɥɨɜɨ) ɨɞ ɡɚɝɚɞɟɧɢ ɪɭɞɧɢɱɤɢ ɜɨɞɢ.  
Иɫɬɪɚɠɭɜɚњɚɬɚ ɫɟ ɜɪɲɟɧɢ ɧɚ ɩɪɢɦɟɪɨɰɢ ɨɞ ɞɪɟɧɚɠɧɢ ɜɨɞɢ ɨɞ ɋɜɢњɚ ɪɟɤɚ ɧɚɞ 
ɯɨɪɢɡɨɧɬ XV ɨɞ Рɭɞɧɢɤɨɬ ɡɚ ɨɥɨɜɨ ɢ ɰɢɧɤ „ɋАɋА“ ɜɨ Ɇɚɤɟɞɨɧɫɤɚ Кɚɦɟɧɢɰɚ ɢ ɨɞ 
ɪɭɞɧɢɤɨɬ ɡɚ ɛɚɤɚɪ „Ȼɭɱɢɦ“ ɜɨ Рɚɞɨɜɢɲ.  
Оɞ ɢɡɜɪɲɟɧɢɬɟ ɚɧɚɥɢɡɢ ɫɟ ɤɨɧɫɬɚɬɢɪɚ ɞɟɤɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɭɫɩɟɲɧɨ ɦɨɠɟ ɞɚ ɝɢ 
ɨɬɫɬɪɚɧɭɜɚ ɢɫɩɢɬɭɜɚɧɢɬɟ ɬɟɲɤɢ ɦɟɬɚɥɢ (ɛɚɤɚɪ, ɦɚɧɝɚɧ, ɰɢɧɤ ɢ ɨɥɨɜɨ) ɨɞ  ɢɫɩɢɬɭɜɚɧɢɬɟ 
ɜɨɞɢ. Ɍɪɟɬɢɪɚјќɢ ɝɢ ɨɜɢɟ ɜɨɞɢ ɫɨ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɫɟ ɧɚɦɚɥɭɜɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ 
ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɢ ɫɟ ɡɝɨɥɟɦɭɜɚ ɪɇ ɜɪɟɞɧɨɫɬɚ, ɬɚɤɚ ɲɬɨ ɢɫɬɢɬɟ ɦɨɠɟ ɞɚ ɫɟ ɢɫɩɭɲɬɚɚɬ 
ɜɨ ɩɪɢɪɨɞɧɢɬɟ ɜɨɞɨɬɟɰɢ ɤɚɤɨ ɜɨɞɢ ɨɞ III ɢ IV ɤɥɚɫɚ.  
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REMOVAL OF HEAVY METALS FROM MINE WASTEWATER USING 
ZEOLITE BEARING TUFF 
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Abstract. This paper presents the results of the examination of the possibility of applying 
zeolite bearing tuff, as a natural material, for the removal of heavy metals (copper, zinc, 
manganese and lead) from mine water.  
The experiments were performed on wastewater taken from drainage water from Svinja 
River above horizont XV from The mine of lead and zinc "SASA" in Makedonska Kamenica 
and The copper mine "Bucim" in Radovis. 
From the analysis can be concluded that zeolite bearing tuff successfully removes heavy 
metals (copper, manganese, zinc and lead) from mining wastewater. By treating these water 
with zeolite bearing tuff, the concentration of heavy metals are reduced and the pH value are 
increased, so it can be released into natural waterways as water from the III and IV class. 
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Ɂɚɝɚɞɟɧɢɬɟ ɪɭɞɧɢɱɤɢ ɜɨɞɢ: ɞɪɟɧɚɠɧɢ ɜɨɞɢ, ɜɨɞɢ ɨɞ ɬɟɯɧɨɥɨɲɤɢɨɬ ɩɪɨɰɟɫ ɢ ɨɞ 
ɯɢɞɪɨјɚɥɨɜɢɲɬɚɬɚ ɜɨ ɫɜɨјɨɬ ɫɨɫɬɚɜ ɨɛɢɱɧɨ ɫɨɞɪɠɚɬ ɩɨɜɟќɟ ɪɚɡɥɢɱɧɢ ɪɚɫɬɜɨɪɟɧɢ ɬɟɲɤɢ 
ɦɟɬɚɥɢ.  
ɋɨ ɰɟɥ ɞɚ ɫɟ ɢɫɩɨɥɧɚɬ ɩɨɜɟќɟ ɫɬɪɨɝɢ ɫɬɚɧɞɚɪɞɢ ɡɚ ɤɜɚɥɢɬɟɬɨɬ ɧɚ ɠɢɜɨɬɧɚɬɚ ɫɪɟɞɢɧɚ, 
ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɤɨɢ ɫɟ ɬɨɤɫɢɱɧɢ ɢ ɧɟ ɫɟ ɛɢɨɪɚɡɝɪɚɞɥɢɜɢ, ɬɪɟɛɚ ɞɚ ɫɟ ɨɬɫɬɪɚɧɚɬ ɨɞ 
ɡɚɝɚɞɟɧɢɬɟ ɜɨɞɢ. 
Оɬɫɬɪɚɧɭɜɚњɟɬɨ ɧɚ ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɦɨɠɟ ɞɚ ɫɟ ɩɨɫɬɢɝɧɟ ɫɨ ɩɨɦɨɲ ɧɚ ɩɨɜɟќɟ ɦɟɬɨɞɢ. 
Кɨɧɜɟɧɰɢɨɧɚɥɧɢɬɟ ɦɟɬɨɞɢ ɨɛɢɱɧɨ ɜɤɥɭɱɭɜɚɚɬ ɭɩɨɬɪɟɛɚ ɧɚ ɩɪɨɰɟɫɢ ɤɚɤɨ ɲɬɨ ɫɟ 
ɤɨɚɝɭɥɚɰɢјɚ, ɩɪɟɰɢɩɢɬɚɰɢјɚ, јɨɧɫɤɚ ɪɚɡɦɟɧɚ, ɟɥɟɤɬɪɨ-ɯɟɦɢɫɤɢ ɦɟɬɨɞɢ,  ɟɤɫɬɪɚɤɰɢјɚ, 
ɚɬɫɨɪɩɰɢјɚ, ɢɬɧ. Ɇɟѓɭ ɨɜɢɟ ɦɟɬɨɞɢ, ɚɬɫɨɪɩɰɢјɚɬɚ ɜɨ ɦɨɦɟɧɬɨɜ ɫɟ ɫɦɟɬɚ ɡɚ ɦɧɨɝɭ 
ɩɨɝɨɞɧɚ ɦɟɬɨɞɚ, ɛɢɞɟјќɢ ɟ ɟɞɧɨɫɬɚɜɟɧ ɢ ɟɮɢɤɚɫɟɧ ɩɪɨɰɟɫ. ɇɚјɱɟɫɬɨ ɤɨɪɢɫɬɟɧɢ 
ɚɬɫɨɪɛɟɧɬɢ ɡɚ ɚɬɫɨɪɩɰɢјɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɫɟ: ɚɤɬɢɜɟɧ јɚɝɥɟɧ Д1], ɝɥɢɧɟɧɢ ɦɢɧɟɪɚɥɢ Д2], 
ɛɢɨɦɚɬɟɪɢјɚɥɢ Д3], ɢɧɞɭɫɬɪɢɫɤɢ ɰɜɪɫɬ ɨɬɩɚɞ ɢ ɡɟɨɥɢɬɢ Д4-9].  
Вɨ ɨɜɚ ɢɫɬɪɚɠɭɜɚњɟ ɤɚɤɨ ɚɬɫɨɪɛɟɧɬ ɟ ɤɨɪɢɫɬɟɧ ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ, ɫɨ ɰɟɥ ɞɚ ɫɟ 
ɞɨɛɢјɚɬ ɫɨɡɧɚɧɢјɚ ɡɚ ɦɨɠɧɚ ɩɪɢɦɟɧɚ ɧɚ ɨɜɚɚ ɩɪɢɪɨɞɧɚ ɫɭɪɨɜɢɧɚ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ 
ɬɟɲɤɢ ɦɟɬɚɥɢ (ɦɚɧɝɚɧ, ɛɚɤɚɪ, ɰɢɧɤ ɢ ɨɥɨɜɨ) ɨɞ ɤɢɫɟɥɢ ɪɭɞɧɢɱɤɢ ɜɨɞɢ. ɇɚɩɪɚɜɟɧɢ ɫɟ 
ɢɫɩɢɬɭɜɚњɚ ɧɚ ɜɨɞɢ ɡɟɦɟɧɢ ɨɞ ɪɭɞɧɢɰɢ ɜɨ Рɟɩɭɛɥɢɤɚ Ɇɚɤɟɞɨɧɢјɚ, ɩɨɬɨɱɧɨ ɨɞ 
ɞɪɟɧɚɠɧɢ ɜɨɞɢ ɨɞ ɋɜɢњɚ ɪɟɤɚ ɧɚɞ ɯɨɪɢɡɨɧɬ XV ɨɞ Рɭɞɧɢɤɨɬ ɡɚ ɨɥɨɜɨ ɢ ɰɢɧɤ „ɋАɋА“ 
ɜɨ Ɇɚɤɟɞɨɧɫɤɚ Кɚɦɟɧɢɰɚ ɢ ɮɢɥɬɪɚɬ ɨɞ ɤɨɥɨɧɢɬɟ ɩɪɢ ɥɭɠɟњɟɬɨ ɧɚ ɪɭɞɚɬɚ ɨɞ ɪɭɞɧɢɤɨɬ 
ɡɚ ɛɚɤɚɪ „Ȼɭɱɢɦ“ ɜɨ Рɚɞɨɜɢɲ.  
 
1. ɆАɌȿɊИЈАЛИ И ɆȿɌɈȾИ ɇА ɊАȻɈɌА 
 
1.1. Каɪаɤɬɟɪиɫɬиɤи ɧа ɡɟɨлиɬиɡиɪаɧ ɬɭф 
 
Кɚɤɨ ɚɬɫɨɪɛɟɧɬ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɤɨɪɢɫɬɟɧɚ ɟ ɩɪɢɪɨɞɧɚ ɫɭɪɨɜɢɧɚ - 
ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ ɨɞ ɧɚɨѓɚɥɢɲɬɟɬɨ Вɟɬɭɧɢɰɚ, ɤɨɟ ɟ ɥɨɰɢɪɚɧɨ ɜɨ ɫɟɜɟɪɧɢɬɟ 
ɦɚɪɝɢɧɚɥɧɢ ɞɟɥɨɜɢ ɨɞ ɩɨɡɧɚɬɚɬɚ Кɪɚɬɨɜɫɤɨ-ɡɥɟɬɨɜɫɤɚɬɚ ɜɭɥɤɚɧɫɤɚ ɨɛɥɚɫɬ ɜɨ 
Рɟɩɭɛɥɢɤɚ Ɇɚɤɟɞɨɧɢјɚ. Ɂɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɟ ɛɨɝɚɬ ɫɨ ɋɬɢɥɛɢɬ 
(NaCa2Al5Si13O36·14H2O), ɫɨ ɭɱɟɫɬɜɨ ɨɞ ɨɤɨɥɭ 27% [10,11]. Вɨ ɬɚɛɟɥɚ 1 ɟ ɞɚɞɟɧ ɯɟɦɢɫɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ. 
 
Ɍаɛɟла 1. Хɟɦɢɫɤɢ ɫɨɫɬɚɜ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ 
Хɟɦɢɫɤɢ ɫɨɫɬɚɜ (%) Ɂɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ 
SiO2 54,67 
Al2O3  20,16 
CaO  4,86 
MgO  1,08 
K2O  2,40 






Вɤɭɩɧɢɨɬ ɤɚɩɚɰɢɬɟɬ ɧɚ ɤɚɬјɨɧɫɤɚ ɪɚɡɦɟɧɚ ɧɚ ɩɪɢɦɟɪɨɰɢɬɟ ɨɞ ɧɚɨѓɚɥɢɲɬɟɬɨ Вɟɬɭɧɢɰɚ 
ɫɟ ɜɨ ɝɪɚɧɢɰɢɬɟ ɨɞ 94 ɞɨ 107 mОq/100 Р. 
ɋɨ ɩɢɤɧɨɦɟɬɚɪ ɟ ɨɞɪɟɞɟɧɚ ɩɪɚɜɚɬɚ ɝɭɫɬɢɧɚ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɢ ɢɫɬɚɬɚ ɢɡɧɟɫɭɜɚ               , ɚ ɜɨɥɭɦɟɧɫɤɚɬɚ ɝɭɫɬɢɧɚ                ɟ ɨɞɪɟɞɟɧɚ ɜɨɥɭɦɟɬɪɢɫɤɢ. ɋɩɨɪɟɞ ɧɢɜ ɩɪɟɫɦɟɬɚɧɚ ɟ ɢ ɩɨɪɨɡɧɨɫɬɚ ɧɚ ɚɬɫɨɪɛɟɧɬɨɬ ɢ ɟ ɞɨɛɢɟɧɨ ɞɟɤɚ ɢɡɧɟɫɭɜɚ          ɢɥɢ 48.4%. 
184 
 
ɋɨ ɰɟɥ ɞɨɛɢɜɚњɟ ɧɚ ɦɢɧɟɪɚɥɨɲɤɢɨɬ ɫɨɫɬɚɜ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ, ɧɚɩɪɚɜɟɧɢ ɫɟ 
ɢɫɩɢɬɭɜɚњɚ ɧɚ X-RКв DТПrКМtomОtОr 6100 ɨɞ ShТmКНгu. Рɟɡɭɥɬɚɬɢɬɟ ɫɟ ɫɩɨɪɟɞɟɧɢ ɫɨ 
ɛɚɡɚɬɚ ɧɚ ɩɨɞɚɬɨɰɢ ɨɞɪɠɭɜɚɧɚ ɨɞ ɫɬɪɚɧɚ ɧɚ International Centre for Diffraction Data ɫɨ 
ɲɬɨ ɫɟ ɩɨɤɚɠɭɜɚ ɞɟɤɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɫɨɞɪɠɢ ɫɬɢɥɛɢɬ (ɫɥɢɤɚ 1). 
 
 Слиɤа 1. X–RКв ɞɢɮɪɚɤɰɢјɚ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ 
 
1.2. ȿɤɫɩɟɪиɦɟɧɬалɧа ɩɪɨцɟɞɭɪа 
 
Уɫɥɨɜɢɬɟ ɩɪɢ ɤɨɢ ɫɟ ɪɚɛɨɬɟɧɢ ɟɤɫɩɟɪɢɦɟɧɬɢɬɟ ɫɟ ɫɥɟɞɧɢ: ɜɨ 400 ml ɪɭɞɧɢɱɤɚ ɜɨɞɚ ɫɟ 
ɞɨɞɚɜɚ 5 g ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ ɢ ɫɟ ɦɟɲɚ ɫɨ ɛɪɡɢɧɚ ɨɞ 400 rpm ɜɨ ɜɪɟɦɟɬɪɚɟњɟ ɨɞ 360 
min, ɧɚ ɬɟɦɩɟɪɚɬɭɪɚ ɨɞ 20±1◦C. ɉɨ ɢɫɬɟɤɨɬ ɨɞ 360 ɦɢɧɭɬɢ, ɜɨɞɚɬɚ ɫɟ ɨɫɬɚɜɚ ɞɚ ɫɬɨɢ ɞɨ 
1440 ɦɢɧɭɬɢ. Ɂɚ ɞɚ ɫɟ ɨɞɪɟɞɢ ɤɢɧɟɬɢɤɚɬɚ ɧɚ ɚɬɫɨɪɩɰɢјɚ ɩɪɢɦɟɪɨɰɢ ɨɞ ɜɨɞɚ ɫɟ ɡɟɦɚɧɢ 
ɩɨɫɥɟ 20, 60, 90, 120, 240, 360 ɢ 1440 ɦɢɧɭɬɢ ɢ ɢɫɬɢɬɟ ɫɟ ɚɧɚɥɢɡɢɪɚɧɢ ɧɚ ɡɚɨɫɬɚɧɚɬɚ 
ɤɨɥɢɱɢɧɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɜɨɞɚɬɚ ɫɨ ɩɨɦɨɲ ɧɚ ɚɬɨɦɫɤɨ-ɟɦɢɫɢɨɧɟɧ ɫɩɟɤɬɪɨɦɟɬɚɪ ɫɨ 
ɢɧɞɭɤɬɢɜɧɨ ɫɩɪɟɝɧɚɬɚ ɩɥɚɡɦɚ, AES- ICP, Agilent. Ɇɟɪɟɧɚ ɟ ɢ ɪɇ ɜɪɟɞɧɨɫɬɚ ɧɚ 
ɪɭɞɧɢɱɤɢɬɟ ɜɨɞɢ ɩɪɟɞ ɢ ɡɚ ɜɪɟɦɟ ɧɚ ɫɟɤɨј ɢɧɬɟɪɜɚɥ ɨɞ ɬɪɟɬɦɚɧɨɬ.  
 
2. ɊȿɁɍЛɌАɌИ И ȾИСКɍСИЈА  
 
Ɂɚ ɞɚ ɫɟ ɫɨɝɥɟɞɚ ɟɮɢɤɚɫɧɨɫɬɚ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɡɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɬɟɲɤɢɬɟ 
ɦɟɬɚɥɢ, ɤɚɤɨ ɲɬɨ ɫɟ: ɛɚɤɚɪ, ɰɢɧɤ, ɦɚɧɝɚɧ ɢ ɨɥɨɜɨ, ɨɞ ɡɟɦɟɧɢɬɟ ɩɪɢɦɟɪɨɰɢ ɜɨɞɢ 
ɩɪɢɤɚɠɚɧɢ ɫɟ ɪɟɡɭɥɬɚɬɢɬɟ ɨɞ ɦɟɪɟњɚɬɚ ɩɪɟɞ ɬɪɟɬɦɚɧɨɬ ɢ ɩɨɫɥɟ ɬɪɟɬɦɚɧɨɬ ɫɨ 
ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ.  
ɉɨɱɟɬɧɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɢɫɩɢɬɭɜɚɧɢɬɟ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɨɜɢɟ ɜɨɞɢ ɟ ɩɪɢɤɚɠɚɧɚ ɜɨ 
ɬɚɛɟɥɚ 2, ɚ ɪɇ ɜɪɟɞɧɨɫɬɚ ɧɚ ɜɨɞɢɬɟ ɟ ɩɪɢɤɚɠɚɧɚ ɜɨ ɬɚɛɟɥɚ 3. 
 
Ɍаɛɟла 2. ɉɨɱɟɬɧɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɪɭɞɧɢɱɤɢɬɟ ɜɨɞɢ 
Ɍɟɲɤɢ ɦɟɬɚɥɢ (mg/l) Mn Cu Zn Pb 
Вɨɞɢ ɨɞ Ȼɭɱɢɦ 9,574 10,985 0,061 0,123 
Вɨɞɢ ɨɞ ɋАɋА 2,053 0,66 2,219 0,329 
 
Ɍаɛɟла 32. Рɇ ɜɪɟɞɧɨɫɬ ɧɚ ɪɭɞɧɢɱɤɢɬɟ ɜɨɞɢ 
 ɪɇ 
Вɨɞɢ ɨɞ Ȼɭɱɢɦ 4,73 
Вɨɞɢ ɨɞ ɋАɋА 3,90 
 
Оɞ ɩɨɱɟɬɧɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɢ ɪɇ ɜɪɟɞɧɨɫɬ ɧɚ ɨɜɢɟ ɜɨɞɢ ɫɟ ɝɥɟɞɚ ɞɟɤɚ ɫɬɚɧɭɜɚ ɡɛɨɪ 
ɡɚ ɤɢɫɟɥɢ ɪɭɞɧɢɱɤɢ ɜɨɞɢ ɫɨ ɜɢɫɨɤɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ. Вɨ ɫɩɨɪɟɞɛɚ ɫɨ 
ɦɚɤɫɢɦɚɥɧɨ ɞɨɡɜɨɥɟɧɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɜɨɞɢɬɟ ɜɨ Р. Ɇɚɤɟɞɨɧɢјɚ 
(ɬɚɛɟɥɚ 4) ɫɟ ɝɥɟɞɚ ɞɟɤɚ ɨɜɢɟ ɜɨɞɢ ɝɢ ɧɚɞɦɢɧɭɜɚɚɬ ɫɤɨɪɨ ɫɢɬɟ ɦɚɤɫɢɦɚɥɧɨ 
ɞɨɡɜɨɥɟɧɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ, ɞɭɪɢ ɢ ɧɚ ɜɨɞɢɬɟ ɤɨɢɲɬɨ ɫɩɚѓɚɚɬ ɧɚ ɤɥɚɫɚ V. Ɂɚɬɨɚ ɟ 





Ɍаɛɟла 4. ɋɬɚɧɞɚɪɞɢ ɡɚ ɤɜɚɥɢɬɟɬ ɧɚ ɜɨɞɢɬɟ ɜɨ Р. Ɇɚɤɟɞɨɧɢјɚ: ɦɚɤɫɢɦɚɥɧɨ ɞɨɡɜɨɥɟɧɢ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɜɨɞɢɬɟ 
 
ȿɥɟɦɟɧɬɢ 
Кɥɚɫɢɮɢɤɚɰɢјɚ ɧɚ ɜɨɞɢ ɢ ɤɨɧɰɟɧɬɪɚɰɢјɚ (mg/l) 
I-II ɤɥɚɫɚ III-IV ɤɥɚɫɚ V ɤɥɚɫɚ 
Cu 0.01 0.05 > 0.05 
Zn 0.1 0.2 > 0.2 
Mn 0.05 1 > 1 
Pb 0.01 0.03 > 0.03 
ɪɇ 6.3-8.5 5.3-6.3 < 5.3 
(Иɡɜɚɞɨɤ ɨɞ Рɟɝɭɥɚɬɢɜɚ ɡɚ ɤɥɚɫɢɮɢɤɚɰɢјɚ ɧɚ ɜɨɞɢ, „ɋɥɭɠɛɟɧ ɜɟɫɧɢɤ ɧɚ РɆ“ ɛɪ.18-99) 
 
Рɟɡɭɥɬɚɬɢɬɟ ɨɞ ɨɜɢɟ ɢɫɩɢɬɭɜɚњɚ ɩɨɤɚɠɭɜɚɚɬ ɞɟɤɚ ɫɨ ɩɨɦɨɲ ɧɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ 
ɡɧɚɱɢɬɟɥɧɨ ɫɟ ɧɚɦɚɥɭɜɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɜɨ ɢɫɩɢɬɭɜɚɧɢɬɟ ɜɨɞɢ 
(ɬɚɛɟɥɚ 5).  
 
Ɍаɛɟла 5. Ɂɚɨɫɬɚɧɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɪɭɞɧɢɱɤɢɬɟ ɜɨɞɢ ɩɨ 
ɬɪɟɬɦɚɧɨɬ 
Ɍɟɲɤɢ ɦɟɬɚɥɢ (mg/l) Mn Cu Zn Pb 
Вɨɞɢ ɨɞ Ȼɭɱɢɦ 5,489 1,75 0,041 0,005 
Вɨɞɢ ɨɞ ɋАɋА 0,678 0,007 0,564 0,002 
 
ɋɩɨɪɟɞɭɜɚјќɢ јɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɩɨɫɥɟ ɬɪɟɬɦɚɧɨɬ ɫɨ ɦɚɤɫɢɦɚɥɧɨ 
ɞɨɡɜɨɥɟɧɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɜɨɞɢɬɟ ɜɨ Р. Ɇɚɤɟɞɨɧɢјɚ (ɬɚɛɟɥɚ 4), 
ɦɨɠɟ ɞɚ ɡɚɤɥɭɱɢɦɟ ɞɨ ɤɨјɚ ɤɥɚɫɚ ɧɚ ɜɨɞɢ ɫɦɟ ɝɢ ɩɪɨɱɢɫɬɢɥɟ ɨɜɢɟ ɪɭɞɧɢɱɤɢ ɜɨɞɢ. 
ɋɩɨɪɟɞ ɪɟɡɭɥɬɚɬɢɬɟ ɡɚ ɬɪɟɬɢɪɚɧɚɬɚ ɜɨɞɚ ɨɞ „Ȼɭɱɢɦ“, ɦɨɠɟ ɞɚ ɫɟ ɡɚɤɥɭɱɢ ɞɟɤɚ ɫɩɨɪɟɞ 
ɪɇ ɜɪɟɞɧɨɫɬɚ ɫɩɚѓɚ ɜɨ ɜɨɞɢ ɨɞ III ɢ IV ɤɥɚɫɚ, ɫɩɨɪɟɞ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɰɢɧɤ ɢ ɨɥɨɜɨ 
ɜɨ ɜɨɞɢ ɨɞ I ɤɥɚɫɚ, ɚ ɫɩɨɪɟɞ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɛɚɤɚɪ ɢ ɦɚɧɝɚɧ ɝɢ ɧɚɞɦɢɧɭɜɚ 
ɦɚɤɫɢɦɚɥɧɨ ɞɨɡɜɨɥɟɧɢɬɟ ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɜɨɞɢɬɟ ɨɞ V ɤɥɚɫɚ. 
Оɞ ɪɟɡɭɥɬɚɬɢɬɟ ɞɨɛɢɟɧɢ ɡɚ ɬɪɟɬɢɪɚɧɚɬɚ ɞɪɟɧɚɠɧɚ ɜɨɞɚ ɨɞ „ɋАɋА“ ɫɟ ɡɚɤɥɭɱɭɜɚ ɞɟɤɚ 
ɫɩɨɪɟɞ ɪɇ ɜɪɟɞɧɨɫɬɚ ɬɚɚ ɫɩɚѓɚ ɜɨ ɜɨɞɢ ɨɞ III ɢ IV ɤɥɚɫɚ, ɚ ɫɩɨɪɟɞ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ 
ɛɚɤɚɪ ɢ ɨɥɨɜɨ ɜɨ ɜɨɞɢ ɨɞ I ɤɥɚɫɚ. ɋɩɨɪɟɞ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɦɚɧɝɚɧ ɫɩɚѓɚ ɜɨ ɜɨɞɢ ɨɞ 
III ɢ IV ɤɥɚɫɚ, ɞɨɞɟɤɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɰɢɧɤ ɝɢ ɧɚɞɦɢɧɭɜɚ ɦɚɤɫɢɦɚɥɧɨ ɞɨɡɜɨɥɟɧɢɬɟ 
ɤɨɧɰɟɧɬɪɚɰɢɢ ɧɚ ɜɨɞɢɬɟ ɨɞ V ɤɥɚɫɚ. 
ȿɮɢɤɚɫɧɨɫɬɚ ɧɚ ɨɬɫɬɪɚɧɭɜɚњɟ ɧɚ ɬɟɲɤɢɬɟ ɦɟɬɚɥɢ ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɜɪɟɦɟɬɨ, ɨɞɧɨɫɧɨ 




 ɚ) Вɨɞɢ ɨɞ ɪɭɞɧɢɤɨɬ „Ȼɭɱɢɦ“ 
 ɛ) Вɨɞɢ ɨɞ ɪɭɞɧɢɤɨɬ „ɋАɋА“ 
Слиɤа 22. Аɬɫɨɪɩɰɢјɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɜɨ ɨɞɧɨɫ ɧɚ ɜɪɟɦɟɬɨ  
 
Оɞ ɩɪɢɤɚɠɚɧɢɬɟ ɪɟɡɭɥɬɚɬɢ ɦɨɠɟ ɞɚ ɫɟ ɡɚɛɟɥɟɠɢ ɞɟɤɚ ɩɨɝɨɥɟɦɚ ɟɮɢɤɚɫɧɨɫɬ ɧɚ 
ɨɬɫɬɪɚɧɭɜɚњɟ ɫɟ јɚɜɭɜɚ ɤɚј ɨɥɨɜɨɬɨ ɢ ɛɚɤɚɪɨɬ ɜɨ ɨɞɧɨɫ ɧɚ ɨɬɫɬɪɚɧɭɜɚњɟɬɨ ɧɚ ɰɢɧɤɨɬ ɢ 
ɦɚɧɝɚɧɨɬ.  
Ɍɪɟɬɢɪɚњɟɬɨ ɧɚ ɨɜɢɟ ɡɚɝɚɞɟɧɢ ɪɭɞɧɢɱɤɢ ɜɨɞɢ ɫɨ ɡɟɨɥɢɬɢɡɢɪɚɧ ɬɭɮ ɜɨ ɭɫɥɨɜɢ ɲɬɨ ɫɟ 
ɩɪɟɬɯɨɞɧɨ ɞɟɮɢɧɢɪɚɧɢ, ɩɨɤɚɠɚ ɡɚɞɨɜɨɥɢɬɟɥɧɢ ɪɟɡɭɥɬɚɬɢ. ȿɮɢɤɚɫɧɨɫɬɚ ɧɚ 
ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɟ ɩɪɢɥɢɱɧɨ ɝɨɥɟɦɚ ɢ ɜɨ ɡɚɜɢɫɧɨɫɬ ɨɞ ɢɫɩɢɬɭɜɚɧɢɬɟ ɬɟɲɤɢ 
ɦɟɬɚɥɢ ɫɟ ɞɜɢɠɢ ɨɞ 30% ɞɨ 99%.   
ɉɨɤɪɚј ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ, ɦɟɪɟɧɚ ɟ ɢ ɪɇ ɜɪɟɞɧɨɫɬɚ ɧɚ ɜɨɞɢɬɟ ɩɪɟɞ ɢ 
ɡɚ ɜɪɟɦɟ ɧɚ ɬɪɟɬɦɚɧɨɬ. Вɨ ɩɪɟɬɯɨɞɧɨ ɧɚɩɪɚɜɟɧɢ ɢɫɬɪɚɠɭɜɚњɚ ɧɚ ɫɢɧɬɟɬɢɱɤɢ ɪɚɫɬɜɨɪɢ, 
ɞɨɛɢɟɧɢ ɫɟ ɫɨɡɧɚɧɢјɚ ɞɟɤɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɢɦɚ ɩɭɮɟɪɧɚ ɦɨќ [12], ɚ ɢɫɬɨɬɨ ɫɟ 
ɩɨɬɜɪɞɢ ɢ ɫɨ ɨɜɢɟ ɢɫɩɢɬɭɜɚњɚ ɧɚɩɪɚɜɟɧɢ ɧɚ ɜɨɞɢ ɨɞ ɪɟɚɥɧɢ ɭɫɥɨɜɢ. ɪɇ ɜɪɟɞɧɨɫɬɚ ɧɚ 




















































Cu Zn Mn Pb
187 
 
ɨɞ „ɋАɋА“ ɫɟ ɦɟɧɭɜɚ ɨɞ 3.90 ɧɚ 5.36. ɇɚ ɫɥɢɤɚ 3 ɟ ɩɪɢɤɚɠɚɧɚ ɩɪɨɦɟɧɚɬɚ ɧɚ ɪɇ 
ɜɪɟɞɧɨɫɬɚ ɫɨɨɞɜɟɬɧɨ ɡɚ ɫɟɤɨј ɜɪɟɦɟɧɫɤɢ ɢɧɬɟɪɜɚɥ. 
 




ɋɩɨɪɟɞ ɝɨɪɟɤɚɠɚɧɨɬɨ ɦɨɠɟ ɞɚ ɫɟ ɤɨɧɫɬɚɬɢɪɚ ɞɟɤɚ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɭɫɩɟɲɧɨ ɦɨɠɟ 
ɞɚ ɝɢ ɨɬɫɬɪɚɧɭɜɚ ɢɫɩɢɬɭɜɚɧɢɬɟ ɬɟɲɤɢ ɦɟɬɚɥɢ (ɛɚɤɚɪ, ɦɚɧɝɚɧ, ɰɢɧɤ ɢ ɨɥɨɜɨ) ɨɞ 
ɡɚɝɚɞɟɧɢɬɟ ɪɭɞɧɢɱɤɢ ɜɨɞɢ. Ɍɪɟɬɢɪɚјќɢ ɝɢ ɨɜɢɟ ɜɨɞɢ ɫɨ ɡɟɨɥɢɬɢɡɢɪɚɧɢɨɬ ɬɭɮ ɫɟ 
ɧɚɦɚɥɭɜɚ ɤɨɧɰɟɧɬɪɚɰɢјɚɬɚ ɧɚ ɬɟɲɤɢ ɦɟɬɚɥɢ ɢ ɫɟ ɡɝɨɥɟɦɭɜɚ ɪɇ ɜɪɟɞɧɨɫɬɚ, ɬɚɤɚ ɲɬɨ 
ɦɨɠɟ ɞɚ ɫɟ ɢɫɩɭɲɬɚɚɬ ɜɨ ɩɪɢɪɨɞɧɢɬɟ ɜɨɞɨɬɟɰɢ ɤɚɤɨ ɜɨɞɢ ɨɞ III ɢ IV ɤɥɚɫɚ. Иɦɚјќɢ 
ɩɪɟɞɜɢɞ ɞɟɤɚ ɫɩɨɪɟɞ ɡɚɨɫɬɚɧɚɬɚɬɚ ɤɨɧɰɟɧɬɪɚɰɢјɚ ɧɚ Cu ɢ Mn јɨɧɢ ɜɨ ɜɨɞɢɬɟ ɨɞ 
ɪɭɞɧɢɤɨɬ Ȼɭɱɢɦ ɢ Zn јɨɧɢ ɜɨ ɞɪɟɧɚɠɧɢɬɟ ɜɨɞɢ ɨɞ ɋɜɢњɚ ɪɟɤɚ ɧɚɞ ɯɨɪɢɡɨɧɬ XV, 
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